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(57) ABSTRACT

A doze detection method, which accurately detects a blink
burst and improves speed and accuracy of doze detection,
includes measuring a state where the eye 1s substantially open
as an open eye time and another state as a closed eye time,
defining a time shorter than an average blink interval of a
healthy adult1n an alert state as a first threshold time; defining,
a time longer than an average closed eye time of a healthy
adult 1n an alert state as a second threshold time; and defining
blinks as a blink burst when detecting an eye opening equal to
or shorter than the first threshold time. A doze state 1s deter-
mined when the closed eye time of a blink among the blinks
during the blink burst reaches at least the second threshold
time, the blink occurring after an open eye time equal to at
most the first threshold time.
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DOZE DETECTION METHOD AND
APPARATUS THEREOF

TECHNICAL FIELD

The present invention relates to a doze detection method of
detecting a doze, which means a state where an arousal level
of a human 1s lowered, and relates also to an apparatus
thereof.

BACKGROUND ART

As a method of detecting a doze, conventionally, a method
1s proposed 1n which a decrease 1n an arousal level 1s detected
by detecting a blink burst, which means a state where a
plurality of eye closures occur 1n a short time, for example,
within 1 second. For example, Patent Literature 1 discloses a
detection method 1n which 1t 1s determined that the arousal
degree decreases (it 1s 1n a doze state) when a slow eye
movement (SEM) which 1s a lateral movement of an eyeball
accompanying closing of the eyelids 1s detected within a
predetermined time from detecting a burst of blink. The burst
of blink and SEM are characteristic phenomena appearing 1n
the early stage of sleep onset, and a decrease 1n arousal degree
1s determined by the combination thereof.

Patent Literature 2 discloses an arousal decrease detection
apparatus that includes a blink detection means that detects a
blink of a subject, a blink determination means that deter-
mines, among the blinks detected by the blink detection
means, a blink in a blink burst in which a blink interval
between the blink and the immediately-preceding blink 1s
within a predetermined time and a blink with a long eye-
closure for a predetermined time or longer, and an arousal
decrease determination means that determines an arousal
decrease degree on the basis of a time from the blink of the
blink burst to the blink with the long eye-closure.

However, blinks are extracted without distinguishing
between normal blinks and a blink burst 1n the detection
method described 1n Patent Literature 2, and thus, the extrac-
tion method 1s not specialized for a blink burst. Accordingly,
in the detection method described 1in Patent Literature 2, a
blink phenomenon, often observed during a blink burst, in
which an eye transitions from closed to half-open and then
back to closed, cannot be detected, so that there 1s a problem
that blink bursts cannot be detected with high accuracy.

Therefore, 1n order to detect a blink burst with high accu-
racy, Patent Literature 3 proposes that a drowsiness assess-
ment device which includes an 1mage capture means that
successively captures an image of aregion including an eye of
an assessment subject, an openness detection means that
detects time series data of eyelid openness on the basis of the
images successively captured by the image capture means, a
blink burst detection means that on the basis of the eyelid
openness time series data detected by the openness detection
means extracts any maximum values and minimum values
from a range 1n which the eyelid openness 1s continuously less
than a predetermined threshold value and detects blink bursts
when a blink interval detected at a threshold value set between
an extracted maximum value and an extracted minimum
value 1s within a predetermined time, and a drowsiness state
assessment means that assesses the state of sleepiness of the
assessment subject on the basis of the result detected by the
blink burst detection means.

On the other hand, in Non Patent Literatures 1 and 2, a
relation between a closed eye time of the first blink during a
blink burst and rated sleepiness 1s mmvestigated 1n order to
detect a doze state only on the basis of a characteristic of a
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2

blink. It 1s described that, as a result, when an arousal degree
decreases, the closed eye time of the first blink becomes
longer.

CITATION LIST

Patent Literature

[PTL 1] Japanese Unexamined Patent Application Publica-
tion No. 2006-136556

[PTL 2] Japanese Unexamined Patent Application Publica-
tion No. 2008-73335

[PTL 3] Japanese Unexamined Patent Application Publica-
tion No. 2010-224637

Non Patent Literature

INPL 1] Collected Papers B-3 of 2010 Joint Conference of
Hokuriku Chapters of Electrical Societies (Heise1 22

nendo denki kanker gakkai hokurikushibu rengou taikai
kouen ronbunshuu B-3)

INPL 2] Collected Papers pp. 25 to 26 of 2010 Conference of
Hokuriku Chapters of Japanese Society for Medical and
Biological Engineering (Heise1 22 nendo nihon seitaiikou-
gakkai hokurikusibutaikai kouen ronbunshuu pp. 25 to 26)

SUMMARY OF INVENTION
Technical Problem

As shown 1n FIG. 2(b) and FIG. 3(d), in the detection of a
blink bust according to the inventions disclosed in the Patent
Literatures 1 and 2 of the above-described background arts, a
time between a minimum value of eye closure and a next
minimum value of eye closure 1s generally measured as a
blink iterval TO,(1). Further, a determination reference
value Th,, 1s set to 1.e. 1 second, and a case when the blink
interval TO, (1) 1s not more than the determination reference
value Th, 1s defined as a blink burst. In the blink interval
10,(1) 1n this case, a time between the minimum value of the
closed eye state and eye opening, and a time between the open
eye state and an extreme value of eye closure are included 1n
the measurement, and blinks during a blink burst 1n which a
time for the action of closing or opeming an eyelid becomes
long cannot be detected. Therefore, 1t 1s not possible to accu-
rately detect a blink burst.

In the detection method disclosed 1n Patent Literature 3,
time series data of eyelid openness 1s detected, and on the
basis of the detected eyelid openness time series data, 1t 1s
determined to be a blink burst within a range 1n which the
eyelid openness 1s continuously less than a predetermined
threshold value, and thus, 1t 1s difficult to accurately measure
the eyelid openness 1n a half closed state, and a measurement
error 1s likely to occur.

In Non Patent Literatures 1 and 2, a reference for detecting,
a doze state from the closed eye time of a blink during blink
burst and real time detection timing are not mentioned, and
thus, it 1s not possible to accurately determine a doze state.
Further, 1n the determination of a doze state based only on the
closed eye time of the first blink during a blink burst, the doze
detection accuracy 1s low, and there 1s a problem that the doze
detection timing delays.

The present mvention has been achieved 1 view of the
alorementioned problem of the background art, and an object
of the present invention 1s to provide a doze detection method,
using a relatively simple apparatus, with which 1t 1s possible
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to accurately detect a blink burst and to improve the speed and
the accuracy of detecting a doze state, and provide also an
apparatus thereof.

Solution to Problem

The present mvention 1s a doze detection method that
includes: measuring, among states from an eye closure to an
eye opening ol a human eye, a state where the eye 1s substan-
tially open as an open eye time and the other state as a closed
eye time; defining a time that 1s relatively shorter than an
average blink interval ot healthy adult in an alert state as a first
threshold time (determination reference value Th,, ot blink
burst); defiming a time that 1s relatively longer than an average
closed eye time of healthy adult 1n an alert state as a second
threshold time (doze determination reterence Th ., ); when
detecting an eye opening equal to or shorter than the first
threshold time (s2), defining blinks before and after the eye
opening as a blink burst; and determining to be a doze state
when a closed eye time of a blink among the blinks during the
blink burst reaches the second threshold time or more (s5), the
blink occurring after an open eye time equal to or shorter than
the first threshold time.

Further, the present invention 1s the doze detection method,
in which 1t 1s immediately determined to be a doze state when
a closed eye time of a blink among the blinks during the blink
burst 1s equal to or longer than the second threshold time (s3),
the blink occurring before an open eye time equal to or shorter
than the first threshold time.

The present invention 1s the doze detection method, in
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, and
it 1s immediately determined to be a doze state when a closed
eye time of a blink among the blinks during the blink burst
reaches the third threshold time (doze determination refer-
ence Th ) or more (s6), the blink occurring after an open eye
time equal to or shorter than the first threshold time.

The present invention 1s the doze detection method, in
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, 1n
detecting the open eye time, when detecting an eye opening
longer than the first threshold time and when an open eye time
betfore a blink immediately preceding the eye opening occurs

1s longer than the first threshold time, the immediately-pre-
ceding blink 1s determined to be a blink other than a blink
burst, and 1t 1s immediately determined to be a doze state
when a closed eye time of the blink other than a blink burst 1s
equal to or longer than the third threshold time (s9).

The present mvention 1s the doze detection method, in
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, and
in detecting the open eye time, when detecting an eye opening
longer than the first threshold time and when a closed eye time
of a blink immediately after the eye opening reaches the third
threshold time or more (s11), 1t 1s immediately determined to
be a doze state. For example, the third threshold time may be
a closed eye time relatively longer than an average closed eye
time of blinks other than the blink burst of healthy adult 1n an
alert state.

In addition, 1t may be determined to be a doze state, when
a total closed eye time obtained as a sum of the closed eye
time of the blink during the blink burst and the closed eye time
of the blink other than the blink burst 1s relatively longer than
the third threshold time, for example. Further, the total closed
eye time may be obtained by weighting the closed eye time of
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4

the blink during the blink burst and the closed eye time of the
blink other than the blink burst respectively, and by adding the
weilghted closed eye times.

Further, the present invention 1s a doze detection apparatus
that includes: an eye closure detection means that detects
states from an eye closure to an eye opening of the eye by
recognizing a position of a human eye; and a blink time
measurement means that measures a state where the human
eye 1s substantially open as an open eye time and the other
state as a closed eye time by the eye closure detection means,
wherein the doze detection apparatus: defines a time that 1s
relatively shorter than an average blink interval of healthy
adult 1n an alert state as a first threshold time (determination
reference value Th, of blink burst); defines a time that 1s
relatively longer than an average closed eye time of healthy
adult 1 an alert state as a second threshold time (doze deter-
mination reference Th,, ); and when detecting an eye opening
equal to or shorter than the first threshold time, defines blinks
betfore and after the eye opening as a blink burst, and the doze
detection apparatus further includes: a blink burst discrimi-
nation means that discriminates the blink burst on the basis of
a time of the blink measured by the blink time measurement
means; and a doze discrimination means that determines to be
a doze state when the blink burst 1s detected, and when a
closed eye time of a blink, among the blinks during the blink
burst, occurring after an open eye time equal to or shorter than
the first threshold time reaches the second threshold time or
more.

Further, the doze detection apparatus includes the doze
discrimination means that immediately determines to be a
doze state when a closed eye time of a blink among the blinks
during the blink burst 1s equal to or longer than the second
threshold time, the blink occurring before an open eye time
equal to or shorter than the first threshold time.

The present invention i1s the doze detection apparatus, 1n
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, and
the doze discrimination means immediately determines to be
a doze state when a closed eye time of a blink among the
blinks during the blink burst detected by the blink burst dis-
crimination means reaches the third threshold time (doze
determination reterence Th,,) or more, the blink occurring
alter an open eye time equal to or shorter than the first thresh-
old time.

The present invention i1s the doze detection apparatus, 1n
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, and
when detecting an eye opening longer than the first threshold
time by the blink time measurement means and when an open
eye time before a blink immediately preceding the eye open-
ing occurs 1s longer than the first threshold time, the 1mme-
diately-preceding blink 1s determined to be a blink other than
a blink burst, and the doze discrimination means immediately
determines to be a doze state when a closed eye time of the
blink other than a blink burst 1s equal to or longer than the
third threshold time.

The present invention 1s the doze detection apparatus, 1n
which a closed eye time that 1s relatively longer than the
second threshold time 1s defined as a third threshold time, and
when detecting an eye opening longer than the first threshold
time by the blink time measurement means and when a closed
eye time of a blink immediately after the eye opening reaches
the third threshold time or more, the doze discrimination
means 1mmediately determines to be a doze state. For
example, the third threshold time may be a closed eye time
relatively longer than an average closed eye time of blinks
other than the blink burst of healthy adult 1n an alert state.
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The doze discrimination means determines to be a doze
state, when a total closed eye time obtained as a sum of the
closed eye time of the blink during the blink burst detected by
the blink burst discrimination means and the closed eye time
of the blink other than the blink burst that 1s detected by the
blink time measurement means 1s relatively longer than the
third threshold time, for example. The doze discrimination
means also obtains the total closed eye time by weighting the
closed eye time of the blink during the blink burst and the
closed eye time of the blink other than the blink burst respec-
tively, and by adding the weighted closed eye times.

The present invention may be the doze detection apparatus,
including an alert means 1ssuing a doze alert on the basis of
the determination result of a doze state.

Furthermore, the present invention can be applied to a
vehicle comprising the doze detection apparatus.

Advantageous Effects of Invention

The doze detection method and apparatus thereot of the
present mnvention use a simple device, do notincur a high cost,
and can detect a doze accurately and rapidly. Therefore, a
doze of a driver 1n a vehicle, for example, can be found
quickly and 1t 1s possible to enhance driving safety.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view of a doze detection apparatus
according to an embodiment of the present invention.

FIG. 2 1s a time chart showing a definition (a) of a blink
according to a doze detection method of an embodiment of
the present invention, and a conventional definition (b) of a
blink.

FIG. 3 1s a time chart showing a detection (a) of a blink
according to the doze detection method of an embodiment of
the present invention, and a conventional detection (b) of a
blink, when a closed eye time 1s long.

FI1G. 4 1s a flowchart showing the doze detection method
according to an embodiment of the present invention.

FIG. 5 1s a schematic view of a template used 1n an eye
detection method of the doze detection apparatus according
to an embodiment of the present invention.

FIG. 6 1s a view showing a principle of the eye detection
method of the doze detection apparatus according to an
embodiment of the present invention.

FIG. 7 1s a picture and a schematic view showing a blink
detection method of the doze detection apparatus according
to an embodiment of the present invention.

FIG. 8 1s a schematic view of an experimental system for
showing an example 1n an embodiment of the present inven-
tion.

FI1G. 9 shows a distribution of first closed eye times accord-
ing to a definition of a blink burst 1n the present invention, and
a distribution of first closed eye times according to a conven-
tional definition of a blink burst, for two subjects.

FIG. 10 shows a distribution of second closed eye times
according to the definition of a blink burst in the present
invention, and a distribution of second closed eye times
according to the conventional definition of a blink burst, for
two subjects.

FIG. 11 1s a graph showing a doze detection result 1n an
experimental result according to an example of the present
invention.

FIG. 12 1s a graph showing a doze detection result 1n an
experimental result according to an example of the present
ivention.
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FIG. 13 1s a graph showing a doze detection result 1n an
experimental result according to an example of the present

invention.

FIG. 14 1s a graph showing a time of doze detection accord-
ing to an example of the present invention and a conventional
art.

FIG. 15 1s a graph showing a time of doze detection accord-
ing to an example of the present invention and the conven-
tional art.

FIG. 16 1s a graph (a) showing doze detection according to
an example of the present invention, and a graph (b) showing
doze detection according to the conventional art.

FIG. 17 1s a graph (a) showing rated sleepiness, a graph (b)
showing a total closed eye time of blinks during a blink burst,
a graph (c¢) showing an average closed eye time of 1solated
blinks, and a graph (d) showing the sum of the total closed eye
time of blinks in a blink burst and the 1solated blink, according
to an example of the present mnvention.

DESCRIPTION OF EMBODIMENTS

Hereaftter, a description of an embodiment of the present
invention will be given on the basis of the drawings. FIG. 1 to
FIG. 7 show an embodiment of the present ivention. As
shown 1n FI1G. 1, a doze detection apparatus 30 of the present
embodiment includes a photographing unit 32, including a
CCD camera and the like, that photographs a face of a driver
31, and a driver monitor ECU 33 1n which a doze detection
algorithm performing detection and the like of a blink by
processing an 1image generated by the photographing unit 32
1s implemented, for example. The driver monitor ECU 33 1s
connected to a navigation system 34 displaying an arousal
level and visually calling an alert when a doze state occurs.
Further, the driver momtor ECU 33 calls an alert also by
sound by a speaker 35 when the driver 31 enters a doze state.
Furthermore, the driver momitor ECU 33 performs brake con-
trol of a vehicle by a brake control device 36, when the doze
state of the driver 31 continues.

The driver monitor ECU 33 includes a CPU, a ROM that
stores a program such as a control routine, a RAM that stores
data and the like, and a storage device, that stores other
program or data, such as a hard disk.

A doze detection function provided in the driver monitor
ECU 33 1s configured by an execution program of the doze
detection algorithm that includes an eye closure detection
means that detects a blink defined 1n the present invention by
processing an 1mage photographed by the photographing unit
32, a blink time measurement means that measures an open
eye time and a closed eye time of the blink detected by the eye
closure detection means, a blink burst discrimination means
that discriminates a blink burst on the basis of the time of
blink measured by the blink time measurement means, and a
doze discrimination means that determines a doze on the
basis of these measurement results.

The detection and determination of a doze state are per-
formed on the basis of determination of a blink burst based on
an open eye time TO(1) shown 1 FIG. 2(a) and FI1G. 3(a), as
shown 1n a flowchart of FIG. 4. Firstly, the open eye time
TO@1) (1 1s a natural number) 1s measured by the blink burst
discrimination means provided in the driver monitor ECU 33
(s1). It 1s checked whether the open eye time TO(1), which 1s
finalized by detecting a closed eye state by the eye closure
detection means during the measurement, 1s equal to or
shorter than the determination reference value Th,, shown 1n
FIG. 3(a), which 1s a first threshold time (s2). When the open
eye time TO(@1) 1s equal to or shorter than the determination
reference value Th, of blink burst, a blink that occurred
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betfore the open eye state and a blink that will occur after the
open eye state are determined as a blink burst. In this embodi-
ment, the determination reference value Th,=1 second. At
this time, when a closed eye time TC(1-1) of the blink that
occurred before the open eye state 1s equal to or longer than a
doze determination reference Th,, which 1s a second thresh-
old time, the doze discrimination means determines to be a
doze state at that time point (s3, early doze determination
step), and then, a doze alert 1 1s 1ssued by, for example, sound.
Here, among states from an eye closure to an eye opening of
a human eye, a state where the eye 1s substantially open 1s
defined as an open eye time and the other state 1s defined as a
closed eye time. Further, a time that 1s relatively shorter than
an average open eye time of a healthy adult 1n an alert state 1s
defined as the first threshold time (determination reference
value Th, of blink burst based on open eye time). Further-
more, a time that 1s relatively longer than an average closed
eye time of a healthy adult 1n an alert state 1s defined as the
second threshold time (doze determination reference Th-,).

Next, aclosed eye time TC(1) 1s measured by the blink burst
discrimination means (s4). When the closed eye time TC(1)
becomes equal to or longer than the doze determination ref-
erence Th,,, it 1s immediately determined to be a doze state
(s, first doze determination step), and a doze alert 2 1s 1ssued
by, for example, sound. Further, when the closed eye time
TC(1) becomes equal to or longer than another doze determi-
nation reference Th,, (doze determination reference
Th,,>doze determination reference Th,,) which 1s a third
threshold time longer than the second threshold time, it 1s
determined to be a doze state again (s6, second doze deter-
mination step) and a doze alert 3 1s 1ssued by, for example,
sound. Then, when an open eye state 1s detected by the eye
closure detection means, 1t 1s determined that the blink ends,
and the closed eye time TC(1) 1s finalized by the blink burst
discrimination means (s7). Here, although the third threshold
time 1s setto a closed eye time that 1s relatively longer than the
second threshold time, 1f necessary, for example, the third
threshold time may be a closed eye time relatively longer than
a total time of an average closed eye time of blinks occurring
before the eye opening equal to or shorter than the first thresh-
old time and an average closed eye time of blinks occurring
aiter the eye opening equal to or shorter than the first thresh-
old time, or may be a closed eye time relatively longer than an
average closed eye time of blinks other than the blink burst of
a healthy adult 1n an alert state.

On the other hand, when the open eye time TO(®1) 1s longer
than the determination reference value Th , of blink burst, and
when the open eye time TO@(-1) before a blink immediately
preceding the open eye state 1s longer than the determination
retference value Th, of blink burst, the blink 1immediately
preceding the open eye state 1s determined to be an i1solated
blink (a blink other than a blink burst, s8). Further, when the
closed eye time TC(1-1) of the blink immediately preceding
the open eye state 1s equal to or longer than the another doze
determination reference Th,,, which 1s defined as a fourth
threshold time that 1s another value longer than the second
threshold time (doze determination reference Th,.,>doze
determination reference Th,, ), 1t 1s determined to be a doze
state (s9), and then, a doze alert 4 1s 1ssued by, for example,
sound. Next, the closed eye time TC(1) 1s measured by the
blink burst discrimination means (s10). When the closed eye
time TC(1) becomes equal to or longer than the doze deter-
mination reference Th,.,, 1t 1s immediately determined to be a
doze state (s11), and a doze alert 5 1s 1ssued by, for example,
sound. Then, when an open eye state 1s detected by the eye
closure detection means, 1t 1s determined that the blink ends,
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discrimination means (s12). Here, although the fourth thresh-
old time1s set to a closed eye time that 1s relatively longer than
the second threshold time, if necessary, for example, the
fourth threshold time may be a closed eye time relatively
longer than an average closed eye time of i1solated blinks

(blinks other than the blink burst) of a healthy adult in an alert
state.

Hereinaiter, an example of a blink detection method will be
described. Firstly, 1n an eye position detection method, a gray
image ol a face acquired by the photographing unit 32 is
binarized by threshold value processing, template matching
by a one eye portion template 20 shown 1n FIG. 5 1s performed
on the binarized image. For example, a sequential similarity
detection method 1s used for the template matching.

Generally, as shown 1n FIG. 5, the diameter of a cornea of
an adult’s eye 24 1s about 11 mm (9.3 to 11 mm 1n vertical
width, 10.6 to 12 mm 1n horizontal width). The size of an 1r1s
22 which 1s a pupil substantially matches the size of the
cornea, and thus, the size of the 1ris 22 1s set to 11 mm 1n
diameter 1n the embodiment. The one eye portion template 20
1s configured by straight lines forming a cross, and1s setto 11
mm 1n horizontal width and 6 mm 1n vertical width on the
screen of a monitor 16, for example. A line having a certain
length 1s drawn on the monitor 16, and the number of pixels
per 1 mm 1s calculated on the basis of the number of pixels of
the line. In this embodiment, 1 mm corresponds to 4.2 pixels,
11 mm corresponds to about 46 pixels, and 6 mm corresponds
to about 25 pixels. By using such cross shaped one eye portion
template 20, even when the eye 24 1s inclined, the circular 1r1s
22 1s not affected, and thus, 1t 1s possible to achieve accurate
matching with the iris 22.

In this embodiment, 1n order to accelerate the processing,
for example, the template matching 1s performed while mov-
ing the one eye portion template 20 by four pixels. A matching
degree of the one eye portion template 20 1n horizontal width
1s compared for every pixel in the image, and a matching
degree of the one eye portion template 20 1n vertical width 1s
compared for every other pixel. When the matching degrees
in horizontal width of 90% or more and matching degree 1n
vertical width of 40% or more are both satisfied, 1t 1s deter-
mined that a portion with which the one eye portion template
20 overlaps 1s assumed as an eve.

Any eye-like portions on the 1mage may be detected by the
template matching using the one eye portion template 20 1n
error. As a countermeasure against the error, characteristics
around the eye 24 are used as check 1tems, 1.e. as shown 1n
FIG. 6, the existence of an eyebrow 28 on the upper and lower
portions of the one eye portion template 20 1s used as 1nfor-
mation for making a decision. For example, when the 1ris 22
has a size of 11 mm, while individual differences of human
faces are taken 1nto consideration, a checkpoint a of a position
of the eyebrow 28 1s set from 25 to 50 mm above from the
center of the one eye portion template 20, a checkpoint b
between the eyebrow 28 and eye 24 1s set from 15 to 27 mm
above from the center, a checkpoint ¢ below the eye 24 1s set
from 15 to 22 mm from the center, and each binarized value of
the pixel 1s compared with a threshold value to be determined.
As a result, from the binarized image data, 1t 1s possible to
handle the following matters as mformation for making a
decision whether an eye 1s detected. That 1s, there 1s no black
portion immediately above the eye 24, a black portion that 1s
the eyebrow 28 1s detected above thereol, and there 1s no black
portion below the eye 24.

Compared with a threshold value based on a value of pixel,
when, at the portion above the eye 24, a matching degree of
10% or more at the position of the eyebrow 28 and a matching
degree o1 20% or more at the position between the eyebrow 28
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and the eye 24, and, a matching degree of 20% or more at the
position below the eye 24 are obtained, 1t 1s determined that
the matching degrees of these check items satisiy a condi-
tional matching of a periphery of the eye 24. In addition, a
final determination to determine to be the eye 24 1s made by
the template matching using the one eye portion template 20
and characteristic check items around the eye 24.

After detecting the eye 24, a blink of the eye 24 1s detected.
In the blink detection, a blink 1s detected on the basis of
variation of the area of the 1ris 22 which 1s a dark portion, as
shown 1n FIG. 2(a) and FI1G. 3(a). In the blink detection, the
area of the 1r1s 22 1s measured from a gray image acquired by
a photographing unit 12. For example, the maximum value of
the area of the 1r1s 22 1s stored and an area narrower than the
maximum value by 5% to 15%, preferably by 10% 1s setas a
threshold value S, and an open eye state 1s determined by
whether the measurement result of area of the ir1s 22 1s equal
to or greater than the predetermined threshold value S ;.

The area of the 1r1s 22 1s measured by scanning the bina-
rized image of the eye 24. Firstly, when a matching degree in
horizontal width between the 1ris 22 and the one eye portion
template 20 1s, for example, 85% to 95%, preferably 90% or
more, 1t 1s determined to be possibly an eye, and 1t 1s deter-
mined that the horizontal width of the 1r1s 22 when the eye 1s
open matches with the horizontal width of the one eye portion
template 20. Further, as shown in FIG. 7, when the eye 1s
closed, a black portion long 1n a horizontal direction 1s gen-
erated by eyelashes 26. Thus, 1n order not to overmeasure the
true area, a measurement range of the area of iris 22 1n the
hornizontal direction 1s set to the horizontal width of the one
eye portion template 20. Furthermore, there are several points
matching the one eye portion template 20 1n the 1r1s 22, and
thus, while deviation of the match point from the center of the
ir1s 22 1s taken 1nto consideration, the measurement range 1n
the vertical direction 1s set a range within 350 pixels 1n a
vertical direction from the center of the one eye portion tem-
plate 20, for example.

In a procedure of measuring the 1r1s area, the area of ir1s 22
1s measured aiter the recognition of the eye 24. A movement
to the left from the center position of the one eye portion
template 20 1s performed until a pixel density value becomes
equal to or more than a binarized threshold value of the 1r1s 22,
and the resultant movement distance 1s calculated. Next, 1n a
similar way, a distance 1n the right direction 1s also calculated,
and the sum of the movement distances in the right and left
direction 1s set to the horizontal width of the ir1s 22. Further,
the horizontal widths are summed by repeating the similar
work within the measurement range and above the one eye
portion template 20. Furthermore, in the similar way, the
horizontal widths are summed below the one eye portion
template 20. This measurement 1s performed in the similar
way when the eye 1s closed. When the eye 1s closed, a black
portion long in a horizontal direction that 1s generated by the
eyelashes 26 appears. However, the measurement range in the
horizontal direction 1s the horizontal width of the one eye
portion template 20, and a black portion with low pixel den-
sity equal to or lower than the binarized threshold value of the
ir1s 22 becomes the vertical width of the eyelashes 26 1n the
vertical direction. Accordingly, within the measurement
range, the area of the 1ris 22 when the eye 1s open has a value
larger than a value 1n a case where the eyelashes 26 1s mea-
sured when the eye 1s closed.

As a result, when the sum of black points (portions within
the movement distance) with low pixel density value equal to
or lower than the binarized threshold value of the iris 22
within the measurement range 1n FIG. 7 1s equal to or more
than the predetermined threshold value S,, shown 1n FIG. 2
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and FIG. 3, it 1s determined to be the 1r1s 22 and also deter-
mined that the eye 1s 1n an open state. Further, when the sum

1s equal to or less than the threshold value S, , 1t 1s determined
that the eye 1s 1n a closed state.

In a method of using the doze detection apparatus 30 of the
present embodiment, the doze detection apparatus 30 1s pro-
vided near a driver’s seat of an automobile, a train, or another
working machine, a driver 1s photographed by the photo-
graphing unit 32, a blink burst 1s detected by processing based
on the above-described first threshold time (determination
reference value Th,), when any one of closed eye times of
blinks during the blink burst 1s equal to or longer than the
second threshold time (doze determination reference Th -, ), 1t
1s determined to be a doze state, further, when a closed eye
time of a blink other than the blink burst 1s equal to or longer
than the fourth threshold time (doze determination reference
Th,4), 1t 1s also determined to be a doze state. Then, the doze
alerts 1-5 can be 1ssued by, for example, sound, and other
controls may be performed. Thus, 1t 1s possible to drastically
enhance driving safety of an automobile and the like.

In the above-described general blink burst detection
method, as shown 1n FIG. 2(b) and FIG. 3(b), a time between
minimum values of eye closures 1s measured as the blink
interval TO (1). However, there are atypical methods in which
a time between a start of an eye closure and a start of anexteye
closure 1s measured as a blink interval TO (1), or in which a
time between an end of an eye closure and an end of anext eye
closure 1s measured as a blink interval TO (1). However, these
atypical measurement methods cannot detect blinks during a
blink burst including long eye-closures, and thus, these atypi-
cal methods do not resolve the problem of the above-de-
scribed general blink burst detection method. Accordingly, it
can be said that the blink burst detection method according to
the present invention 1s better 1n doze detection.

In the doze detection apparatus of the present embodiment,
a blink burst 1s detected by the first threshold time (determi-
nation reference value Th,,) only on the basis of an open eye
time as a determination reference, a closed eye time of each
blink during a blink burst 1s determined by the second thresh-
old time (doze determination reference Th,.,), and a closed
cye time of a blink other than the blink burst 1s determined by
the fourth threshold time (doze determination reference
Th, ), thereby rapidly discriminating a doze state. Thus, the

doze detection apparatus contributes to securely prevent a
doze.

EXAMPLES

Next, an example according to an experimental system
including the configuration of the doze detection apparatus of
the present invention will be described. FIG. 8 shows a sche-
matic view of the experimental system including the doze
detection apparatus. The experimental system 1s configured
by the photographing unit 12, including a CCD camera and
the like, that photographs a face of a subject 11, and a com-
puter 14 1n which a doze detection program that performs
detection of a blink by processing an 1mage generated by the
photographing unit 12, and the like 1s installed. The computer
14 1s connected to the monitor 16, such as a liquid crystal
display, that displays a photographed image. Further, a screen
18 displaying a visibility during driving 1s provided and a
sheet seat 13 on which the subject 11 sits, a steering wheel 15,
an instrument display unit 17, an accelerator 19, etc. are
included. Thus, the experimental system has a similar con-
figuration to a normal automobile. Furthermore, face expres-
s10n of the subject 11 during the experiment was recorded 1n
order to obtain rated sleepiness which 1s a relative index
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indicating an arousal degree of the subject 11 during the
experiment. In this case, degrees of sleepiness were evaluated
by two examiners for several subjects 11, and rated sleepiness
ol the subjects 11 was digitized by point rating. Further, an
average ol determination values by two examiners was set to
rated sleepiness, the rated sleepiness was smoothed by 30
seconds moving average by every 5 seconds, and plotted on a
graph. The rated sleepiness was digitized by imparting the
tollowing values.

5. Quite awake

4. Shightly drowsy

3. Moderately drowsy

2. Significantly drowsy

1. Sleep

In the example, the determination reference value Th,, of
blink burst defined as the first threshold time was set to 1
second. Firstly, a distribution of first closed eye times (upper
level) according to the definition of a blink burst in the present
invention, and a distribution of first closed eye times (lower
level) according to a conventional definition of a blink burst,
for two subjects (Sub. 1-1, Sub. 2-1), are shown in F1G. 9. The
vertical axis shows the first closed eye time of blink burst, and
the horizontal axis shows the rated sleepiness. FIG. 9 shows
when the rated sleepiness 1s 2 to 3, from comparison between
the first closed eye time of blink burst according to the defi-
nition of the present invention (FI1G. 2(a)) and the first closed
eye time of blink burst according to the conventional defini-
tion of blink (FIG. 2(b)), 1t can be seen that there 1s a larger
number of blink bursts with eye closures equal to or longer
than 1 second 1n the graph according to the definition of the
present invention in the upper level. Further, a distribution of
second closed eye times (upper level) according to the defi-
nition of a blink burst in the present invention, and a distri-

bution of second closed eye times (lower level) according to
the conventional definition of a blink burst, for other two
subjects (Sub. 8-1, Sub. 6-2), are shown 1 FIG. 10. The
vertical axis shows the second closed eye time of blink burst,
and the horizontal axis shows the rated sleepiness. FIG. 10
shows when the rated sleepiness 1s 2 to 3, from comparison
between the second closed eye time of blink burst according,
to the definition of the present invention (FIG. 2(a)) and the
second closed eye time of blink burst according to the con-
ventional definition of blink (FIG. 2(5)), 1t can be seen that
there 1s a larger number of blink bursts with eye closures equal
to or longer than 1 second in the graph according to the
definition of the present invention 1n the upper level. This 1s
because, 1t 1s possible to detect a blink burst including a long,
eye-closure by the definition of blink burst according to the
present invention, since only a time when the eye 1s open 1s
defined as a blink interval, however, as shown 1n FIG. 3(b), 1t
1s not possible to detect a blink burst including a long eye-
closure by the conventional definition, since a stage from an
eye closure to an eye opening and a stage from an eye opening
to an eye closure are included 1n a blink interval 1n addition to
an open eye time. As a result, 1t 1s clear that the doze detection
by the definition of blink burst of the present invention has a
possibility of being performed more accurately. Thus, 1n the
example, the doze determination reference Th,, defined as
the second threshold time was set to 1 second on the basis of
the distribution result of the above-described distributions of
the first closed eye times and second closed eye times. Fur-
ther, the third threshold time (doze determination reference
Th,,) was set to 2 seconds as a closed eye time that was
relatively longer than the second threshold time. In the
example, the third threshold time (doze determination refer-
ence Th,,) was used as the doze determination reference of a
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FIG. 11 shows a doze detection by the doze detection
method according to the present invention. As shown 1n FIG.
11, 1t can be seen that a blink burst of the subject (Sub. 1-1)
was detected immediately after starting the experiment (black
circle), and then, 1t was determined to be a doze at a first time
point (1086 seconds) where a second eye closure (white tri-
angle facing downward) for 1 second or more was firstly
detected. In this time, the rated sleepiness of the subject was
varying in up and down direction centering 3, and thus, it can
be seen that the subject was resisting the sleepiness. Further-
more, then, the rated sleepiness was decreased to 2, and thus,
it can be seen that a state before entering a doze state that
caused troubles 1n driving could be detected. Accordingly, 1t
1s confirmed that a doze 1s accurately detected by the detec-
tion method of the present invention.

FIG. 12 shows a case related to a subject (Sub. 5-1). Simi-
larly to the subject (Sub. 1-1), a blink burst was detected
immediately after starting the experiment (black circle).
Then, 1t was determined to be a doze at a first time point (322
seconds) where a first eye closure (gray triangle facing down-
ward) for 1 second or more was firstly detected. In the state at
this time, the rated sleepiness was about 3, and then, the rated
sleepiness further decreased. Therefore, 1t can be seen that the
state 1s 1n a time when entering a doze state, and thus, it 1s
confirmed that a doze state 1s accurately detected by the
detection method of the present invention.

In a case of a subject (Sub. 3-2), that 1s shown 1n FIG. 13,
a blink burst was detected immediately after starting the
experiment (black circle), and 1t was determined to be a doze
at a {irst time point (454 seconds) where a closed eye time of
an 1solated blink for 2 seconds or more, that was not a blink
burst, was detected (gray triangle facing upward). In the state
at this time, the rated sleepiness was about 2, and then, the
rated sleepiness varied around 3. Thus, 1t can be seen that the
state 15 1n a time when entering a doze state, and thus, a doze
1s accurately detected.

FIG. 14 shows a difference in doze detection times between
the present invention and the previous method, for the subject
(Sub. 3-2) of FIG. 13. As the conventional method, the
method disclosed in Patent Literature 2 was used. On the basis
of the definition of blink burst shown 1n FIG. 2(b), among
points where time intervals between a time immediately after
a blink burst occurs and an end time of a long eye closure
became 10 seconds or less, a time of an earliest point where
the time interval became 10 seconds or less was marked. As a
result, 1n the present invention, a doze was detected by deter-
mining a closed eye time of an 1solated blink for 2 seconds or
more (gray triangle facing upward), and thus, a doze could be
detected at early timing (454 seconds). In contrast, 1n the
conventional method, the detection timing of the doze 1s 939
seconds from starting of the measurement, and namely, 1t 1s
confirmed that the timing 1s later than that of the method
according to the present mvention.

FIG. 15 shows a result of measuring doze detection times
according to the present invention and the previous method,
for another subject (Sub. 2-2). In the case of the subject, in the
present invention, a doze was detected by determining a
closed eye time of an 1solated blink for 2 seconds or more
(gray triangle facing upward), and thus, a doze could be
detected early (781 seconds). In contrast, in the conventional
method, the detection timing of the doze 1s after 1129 seconds
from starting of the measurement, and namely, 1t can be seen
that the timing 1s later than that of the method according to the
present invention. Further, as shown 1n FIG. 15, from a time
point where a first eye closure of blink burst for 1 second or
more (gray triangle facing downward) 1s firstly determined
and a time point where a second eye closure for 1 second or
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more (white triangle facing downward) 1s firstly determined,
it can be seen that the detection method of the present mnven-

tion detects a doze earlier than the conventional method.
Accordingly, from this point, 1t can be seen that the method of
the present invention can detect a doze early.

FIG. 16 shows time transition of the rated sleepiness of the
subject of FIG. 11 (Sub. 1-1). FIG. 16(a) shows a blink burst
occurrence position according to the detection method of the
present invention (black circle), and FIG. 16(b) shows a blink
burst occurrence position according to the conventional
method (white circle). FIG. 16(a) shows a point where the
first eye closure (gray triangle facing downward) or second
eye closure (white trnangle facing downward) during a blink
burst for 1 second or more 1s detected. FIG. 16(b) shows a
blink burst occurrence position (white circle) according to the
conventional method and a point where a closed eye time of a
blink becomes 1 second or more (long eye-closure, gray
triangle facing upward).

In the graph of FIG. 16(b) according to the previous
method, time points where a long eye-closure after a blink
burst 1s 10 seconds or less are represented by A to E. In the
conventional methods, the earliest doze detection timing 1s
13135 seconds after starting the experiment, that 1s represented
by A. On the other hand, as shown 1n FIG. 16(a), in the
method according to the present invention, a doze 1s detected
at 1086 seconds after starting the experiment, that 1s a first
time point (first white triangle facing downward) where a
second eye closure during a blink burst occurs for 1 second or
more. Further, in the present invention, from a first time point
(first gray triangle facing downward) where a first eye closure
during a blink burst occurs for 1 second or more, 1t can be seen
that a doze 1s detected earlier than the previous method.

Next, an example according to another embodiment with
the experimental system (FIG. 8) including the configuration
of the doze detection apparatus of the present mvention 1s
shown 1 FIG. 17. FIG. 17 1s an experimental result of a
subject (Sub. 8-1), FIG. 17(a) shows rated sleepiness, FIG.
17(b) shows a total closed eye time (second) obtained by
adding closed eye times of all blinks during a blink burst, FIG.
17(c) shows an average closed eye time (second) of an 1s0-
lated blink during 30 seconds, and FIG. 17(d) shows time
transition of a total closed eye time (second) obtained by
adding the closed eye times (second) of all blinks during a
blink burst and average closed eye time of an 1solated blink
during 30 seconds. As a result, 1t can be seen that the total
closed eye time extends in accordance with decrease of the
arousal degree. Further, the total closed eye time 1s always
long while the arousal degree decreases. Therefore, 1t 1s
understood that a doze state 1s stably detected by measuring,
the total closed eye time of a blink burst and 1solated blink.
Further, as shown in Equation (1), when a closed eye time of
a j-th blink during a blink burst 1s T 4(3), and an average closed
eye time of an 1solated blink 1s T, the total closed eye time
T_ _may be obtained by multiplying these closed eye times
by weights (Wx(1), W,) respectively, and by adding the
weighted values. In the example shown 1n FIG. 17, W ,(3)=1,
and W =1. However, alternatively, each weight may be vari-
ously changed to, for example, W 5(1)=0.5t0 1.5, and W =0.5
to 1.5 and added to obtain the total closed eye time T .

Math. 1]

Toum = Wi-Ti + ) Wp()- Tp(j) (1)
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It 1s noted that the doze detection apparatus of the present
invention 1s not limited to the above-described embodiments,
the blink detection may be performed by other than the above-
described method, and 1t may be determined to be a blink
burst when at least two blinks serially occurring in a short
time are detected. In addition, the definition and determina-
tion reference value of open eye time and closed eye time of
the present invention include a numerical value rounded 1nto
an integer. Specifically, for example, the defimition of 1 sec-
ond according to the present invention includes a range from
0.5 seconds to less than 1.5 seconds, and the range may be
determined as 1 second.

REFERENCE SIGNS LIST

10 doze detection experimental system
11 subject

12, 32 photographing unit
14 personal computer

16 monaitor

30 doze detection apparatus
31 driver

33 driver monitor ECU

34 navigation system

35 speaker

36 brake control device

The mvention claimed 1s:
1. A doze detection method comprising;:
measuring an open eye time and a closed eye time of a
human eye, the open eye time being a state in which the
eye 1s open among states between an eye closure to an
eye opening thereol, and the closed eye time being a
state other than the state 1n which the eye 1s open;

setting a first threshold time, the first threshold time being
shorter than an average open eye time of a healthy adult
1n an alert state:

setting a second threshold time, the second threshold time

being longer than an average closed eye time of a healthy
adult 1n an alert state;

making a first doze state determination 1n which existence

of a doze state 1s immediately determined when (1) the
measured open eye time 1s determined to be equal to or
shorter than the first threshold time and (11) the measured
closed eye time of a blink occurring immediately after
the measured open eye time determined to be equal to or
shorter than the first threshold time reaches the second
threshold time or more;

setting a third threshold time, the third threshold time being

a closed eye time that 1s longer than the second threshold
time; and

making a second doze state determination to again deter-

mine the existence of the doze state when a closed eye
time of a blink reaches the third threshold time or more,
the blink occurring after an open eye time equal to or
shorter than the first threshold time.

2. The doze detection method according to claim 1, turther
comprising immediately determining the existence of the
doze state at an end of a measured open eye time equal to or
shorter than the first threshold time, when a closed eye time of
a blink occurring immediately before the open eye time equal
to or shorter than the first threshold time 1s determined to be
equal to or longer than the second threshold time.

3. A doze detection method comprising:

measuring an open eye time and a closed eye time of a

human eye, the open eye time being a state in which the
eye 1s open among states between an eye closure to an
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eye opening thereol, and the closed eye time being a
state other than the state in which the eye 1s open;

setting a {irst threshold time, the first threshold time being
shorter than an average open eye time of a healthy adult
1n an alert state;

setting a second threshold time, the second threshold time
being longer than an average closed eye time of a healthy
adult 1n an alert state;

making a first doze state determination in which existence
of a doze state 1s immediately determined when (1) the
measured open eye time 1s determined to be equal to or
shorter than the first threshold time and (11) the measured
closed eye time of a blink occurring immediately after
the measured open eye time determined to be equal to or
shorter than the first threshold time reaches the second
threshold time or more;

setting another threshold time, the another threshold time
being a closed eye time that 1s longer than the second
threshold time;

in measuring the open eye time, when detecting an eye
opening being longer than the first threshold time and an
open eye time immediately before occurrence of a blink
immediately preceding the eye opening also being
longer than the first threshold time, setting the immedi-
ately-preceding blink as an 1solated blink; and

making another doze state determination to immediately
determine the existence of the doze state by an end of the
eye opening aiter the 1solated blink when a closed eye
time of the 1solated blink 1s equal to or longer than the
another threshold time.

4. A doze detection method comprising:

measuring an open eye time and a closed eye time of a
human eye, the open eye time being a state in which the
eye 1s open among states between an eye closure to an
eye opening thereol, and the closed eye time being a
state other than the state 1n which the eye 1s open;

setting a {irst threshold time, the first threshold time being
shorter than an average open eye time of a healthy adult
in an alert state;

setting a second threshold time, the second threshold time
being longer than an average closed eye time of a healthy
adult 1n an alert state;

making a first doze state determination 1n which existence
ol a doze state 1s immediately determined when (1) the
measured open eye time 1s determined to be equal to or
shorter than the first threshold time and (11) the measured
closed eye time of a blink occurring immediately after
the measured open eye time determined to be equal to or
shorter than the first threshold time reaches the second
threshold time or more:

setting another threshold time, the another threshold time
being a closed eye time that 1s longer than the second
threshold time; and

making a another doze determination to immediately
determine the existence of the doze state, when detecting
an eye opening longer than the first threshold time 1n
detecting the open eye time and when a closed eye time
of a blink immediately after the eye opening reaches the
another threshold time or more.

5. A doze detection apparatus comprising;:

a memory; and

a processor configured to execute a program stored 1n the
memory to perform functions comprising:

detecting states from an eye closure to an eye opening of a
human eye by recognizing a position of the human eye;

measuring an open eye time and a closed eye time of the
human eye, the open eye time being a state in which the

10

15

20

25

30

35

40

45

50

55

60

65

16

eye 1s open, and the closed eye time being a state other
than the state in which the eye 1s open;
setting (1) a {irst threshold time which is shorter than an
average open eye time of a healthy adult 1n an alert state,
and (11) a second threshold time which 1s longer than an
average closed eye time of a healthy adult in an alert
state;
immediately determine existence of a doze state when (1)
the measured open eye time 1s determined to be equal to
or shorter than the first threshold time and (11) the mea-
sured closed eye time of a blink occurring immediately
after the measured open eye time determined to be equal
to or shorter than the first threshold time reaches the
second threshold time or more;
setting a third threshold time as a closed evye time that 1s
longer than the second threshold time; and

determining the existence of the doze state when a closed
cye time of a blink reaches the third threshold time or
more, the blink occurring after an open eye time equal to
or shorter than the first threshold time.

6. The doze detection apparatus according to claim 3,
wherein the functions performed by the processor further
comprise immediately determining the existence of the doze
state at an end of the measured open eye time that 1s deter-
mined to be equal to or shorter than the first threshold time,
when a closed eye time of a blink occurring immediately
before the open eye time equal to or shorter than the first
threshold time 1s determined to be equal to or longer than the
second threshold time.

7. A doze detection apparatus comprising:

a memory; and

a processor configured to execute a program stored 1n the

memory to perform functions comprising:
detecting states from an eye closure to an eye opeming of a
human eye by recognizing a position of the human eye;

measuring an open eye time and a closed eye time of the
human eye, the open eye time being a state in which the
eye 1s open, and the closed eye time being a state other
than the state 1n which the eye 1s open;

setting (1) a first threshold time which 1s shorter than an

average open eye time of a healthy adult 1n an alert state,
and (11) a second threshold time which 1s longer than an
average closed eye time of a healthy adult 1n an alert
state;

immediately determine existence of a doze state when (1)

the measured open eye time 1s determined to be equal to
or shorter than the first threshold time and (11) the mea-
sured closed eye time of a blink occurring immediately
after the measured open eye time determined to be equal
to or shorter than the first threshold time reaches the
second threshold time or more;

setting another threshold time as a closed eye time that 1s

longer than the second threshold time;

when an eye opening that 1s longer than the first threshold

time 1s detected and an open eye time immediately
betfore occurrence of a blink immediately preceding the
eye opening that 1s also longer than the first threshold
time, setting the immediately-preceding blink as an 1so-
lated blink; and

immediately determining the existence of the doze state by

an end of the eye opeming after the 1solated blink when a
closed eye time of the 1solated blink 1s equal to or longer
than the another threshold time.

8. A doze detection apparatus comprising:

a memory; and

a processor configured to execute a program stored 1n the

memory to perform functions comprising:
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detecting states from an eye closure to an eye opening of a
human eye by recognizing a position of the human eye;

measuring an open eye time and a closed eye time of the
human eye, the open eye time being a state 1n which the
eye 1s open, and the closed eye time being a state other
than the state 1n which the eye 1s open;

setting (1) a first threshold time which 1s shorter than an
average open eye time of a healthy adult 1n an alert state,

and (11) a second threshold time which 1s longer than an
average closed eye time of a healthy adult in an alert
state;

immediately determine existence of a doze state when (1)
the measured open eye time 1s determined to be equal to
or shorter than the first threshold time and (1) the mea-
sured closed eye time of a blink occurring immediately
alter the measured open eye time determined to be equal

to or shorter than the first threshold time reaches the
second threshold time or more;

18

setting another threshold time as a closed eye time that 1s
longer than the second threshold time; and
immediately determiming the existence of the doze state,
when an eye opening longer than the first threshold time
5 1s measured and when a closed eye time of a blink
immediately after the eye opening reaches the another
threshold time or more.
9. The doze detection apparatus according to claim 5,
wherein the functions performed by the processor further
10 comprise performing control to 1ssue a doze alert when the
existence of the doze state 1s determined.
10. A vehicle comprising the doze detection apparatus
according to claim 5.
11. The doze detection apparatus according to claim 5,
15 wherein detecting the states from the eye closure to the eye
opening of the human eye includes measuring respective
areas of the 1r1s and pupil of the human eye.
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